New cells, including neurons, arise in several brain regions during puberty in rats. Sex differences in pubertal addition of cells coincide with adult sexual dimorphisms: for each region, the sex that gains more cells during puberty has a larger volume in adulthood. Removing gonadal hormones before puberty eliminates these sex differences, indicating that gonadal steroids direct the addition of new cells during puberty to maintain and accentuate sexual dimorphisms in the adult brain.
Male and female rats received injections of the cell birth-date marker bromodeoxyuridine (BrdU) on three consecutive days at one of three postnatal ages corresponding to pre-puberty, early puberty and midpuberty (Supplementary Methods online). Brains were collected 20 d later, when all subjects were young adults. We analyzed BrdUimmunoreactive cells in three sexually dimorphic brain nuclei: the anteroventral periventricular nucleus of the hypothalamus (AVPV), the sexually dimorphic nucleus of the preoptic area (SDN) and the medial amygdala (Fig. 1) . The AVPV is larger in females, whereas the SDN and medial amygdala are larger in males. BrdU-labeled cells in these regions were frequently observed as closely apposed pairs, indicating that they may have divided in situ, as suggested previously 3 . Quantification of BrdU-labeled cells revealed sex differences independent of the age at which BrdU was administered. The number of AVPV BrdU-labeled cells was higher in females than in males ( Fig. 1a; F 1 ,27 ¼ 32.69, P o 0.0001). In contrast, the number of BrdU-labeled cells in SDN ( Fig. 1b; F 1 ,27 ¼ 27.45, P o 0.0001) and medial amygdala ( Fig. 1c ; F 1,30 ¼ 28.59, P o 0.0001) was higher in males than in females. These sex differences in BrdU-labeled cell numbers correlated with sex differences in regional volume determined from analysis of Nissl-stained sections: that is, AVPV volume was greater in females, whereas SDN and medial amygdala volumes were greater in males ( Supplementary Fig. 1 online) .
To determine the characteristics of BrdU-labeled cells, we labeled sections with BrdU and either neuron-specific nuclear protein (NeuN), a marker of mature neurons, or glial fibrillary acidic protein (GFAP), a marker of astrocytic glial cells, and assessed colocalization of labels using confocal microscopy (Supplementary Methods). Over half of the BrdU-labeled cells in the AVPV (Fig. 2a,b ) also expressed NeuN, and none expressed GFAP. Approximately one-quarter of BrdU-labeled cells in medial amygdala of both female and male rats also expressed NeuN, and an even greater number of BrdU-labeled cells in medial amygdala expressed GFAP (Fig. 2c) . BrdU-labeled cells in SDN expressed neither NeuN nor GFAP at detectable levels. In all of the regions, cells that do not colocalize BrdU with NeuN or GFAP may be slated for apoptosis or for later differentiation in the event of functional demand. Alternatively, they may remain undifferentiated to support local neuronal or glial function in some manner.
To assess whether pubertal hormones modulate cell addition to sexually dimorphic brain regions, we gonadectomized male and female rats before puberty, injected them with BrdU for three consecutive days during early puberty and collected brains 3 weeks later (Supplementary Methods). Gonadectomy interacted with sex to influence the number of BrdU-labeled cells in all three sexually dimorphic regions of interest. In the female-biased AVPV, prepubertal gonadectomy decreased BrdU-labeled cells in females but not males ( Fig. 3; F 1 ,24 ¼ 12.90, P o 0.0015, post hoc Fisher tests between groups). Prepubertal gonadectomy also resulted in a significant decrease in adult AVPV volume and neuron number only in females ( Supplementary Figs. 2  and 3 online) . Conversely, in the male-biased SDN and medial amygdala, gonadectomy decreased BrdUlabeled cells in males but not females ( Fig. 3 ; SDN F 1,26 ¼ 5.13, P o 0.032; medial amygdala F 1,27 ¼ 10.24, P o 0.004). The effect of male gonadectomy on SDN and medial amygdala BrdU-labeled cells was paralleled by a significant decrease in volume of the adult SDN, but not the medial amygdala (Supplementary Fig. 2 ). In contrast, neither the sex (F 1,26 ¼ 1.12, P ¼ 0.3) nor prepubertal gonadectomy (F 1,26 ¼ 1.39, P ¼ 0.25) affected the number of BrdU-labeled cells in the dentate gyrus (Fig. 3) , which is not overtly larger in either sex. Gonadal steroids may influence the pubertal addition of new cells and maintenance of sex differences by brain regionspecific modulation of either cell proliferation and differentiation [4] [5] [6] or survival 7 .
These data provide strong evidence that sex-biased, hormonemodulated, and brain region-specific addition of new cells is an active mechanism for maintaining, or, in some cases, establishing, structural and functional sexual dimorphisms in the face of brain remodeling during adolescence 8 . This mechanism may be widespread, as both the volume and number of cells increase during puberty in the female-biased rat locus coeruleus 9 and the male-biased human bed nucleus of the stria terminalis 10 . Addition of new cells may also be related to functional sex differences that emerge during puberty. For example, the rat AVPV controls the preovulatory surge of luteinizing hormone 11 , an estrogen-dependent event that emerges during puberty only in females in parallel with development of sex differences in AVPV volume 12, 13 . Likewise, sex differences in structure and function of the human amygdala and in several mental illnesses, such as eating disorders, depression and schizophrenia, arise during adolescent development 14, 15 . An intriguing question remains whether sex-biased addition and survival of new cells in sexually dimorphic brain regions continues beyond the pubertal period. If so, this could contribute to a dynamic maintenance of functional sexual dimorphisms throughout adulthood to preserve the potential for adaptation to new experiences and functional demands (for example, pregnancy, parental behavior). In summary, new cells are added to the rat brain during puberty, and sex differences in the number of newly added cells correspond to sex differences in adult volume in each region. Furthermore, pubertal gonadal hormones influence the addition of new cells, presumably by promoting cell genesis and/or survival in sexually dimorphic structures in a sex-specific manner. Thus, hormone-modulated addition of cells to sexually dimorphic neural structures after the perinatal period is an active mechanism for maintaining functional sex differences during adolescence and into adulthood. 
